This paper investigates the convergence of the wages of East German workers with West German colleagues after unification. Our research is based on a comparison of three groups of workers who lived in East Germany in 1989 (stayers, migrants and commuters to West Germany) and groups of matched West German workers (extracted from GSOEP). According to our findings, wage convergence for stayers is roughly 75 percent, for commuters 85 percent and wages for migrants to West Germany have equaled to matched West German workers. Inequality among East German workers is higher today compared to their matched West German colleagues.
Introduction
German reunification might become a paradigm of convergence and integration of neighbouring regions with unequal starting conditions Hunt 2001, Sinn 2000) . For instance, one of the most ambitious political goals was the equalisation of living conditions and wages in both parts of Germany. There are various channels through which wages and living condition may converge. With unification barriers to labour market competition and migration were removed. Competition for jobs and wages increased and changed the allocation of labour and skills through massive migration, unemployment and wage adjustments in both German regions. This paper is concerned with the evolution of the wage distribution after unification in both parts of Germany as well as the wages and the wage distribution of East German migrants and commuters to West Germany. While wages may adjust as a result of central wage bargaining, the adjustment of qualification and skills follows different pathways and patterns, for instance through migration or unemployment dynamics (see Akerlof et al. 1991, Krueger and Pischke 1995) .
Whether wages and the wage distribution already converged is a topic of considerable debate among empirical researchers and is discussed in our paper. Our research approach is to compare the wage distribution of East German workers, migrants from East to West Germany and commuters from East to West Germany with their matched counterparts from the West German workforce. Migration to West Germany, especially concentrated among the 18 -to 25-years old, is still going on, indicating ongoing transition processes (see Burda 2006 , Uhlig 2006 , Hunt 2006 . Our empirical part builds on samples for these groups of workers extracted from the German Socioeconomic Panel (GSOEP) 1992 (GSOEP) -2005 . Based on regression and nonparametric matching methods we search for a group of West German workers comparable to the East German workers. Based on this comparison in observables, wages and the convergence (or divergence) of wage distributions in the transition period from 1992 to 2005 is investigated. our contribution is related to the issue of rising wage inequality (see Acemoglu, 2002 , Autor et al., 2006 , 2005a . For instance, for a long time rising wage inequality in Great Britain and the United States has been contrasted with a stable wage distribution in Europe and especially in Germany (e.g. Prasad, 2004) . This issue has been highlighted by Krugman (1994) who argued that rising inequality and low unemployment rates in the United States and rising unemployment and a stable wage distribution in Europe are the two sides of one coin. Findings from Fitzenberger et al. (2001) , Gernandt and Pfeiffer (2006) , Kohn (2006) , Möller (2005) , among others, however, suggest that wages in Germany have always been flexible to some degree. Be that as it may, wage inequality is still rising and adjustment forces are shaping the ongoing processes of convergence and divergence in Germany`s economic and labour markets transition.
Between 1992 and 2005 the average hourly wage of prime age dependent workers living and working in East Germany increased by 52 percent, while it increased only by 9 percent for workers in West Germany. Today, mean wages in East Germany are on average about 70 percent of western wages (Statistisches Bundesamt 2006) . For prime age dependent employees living and working in East Germany, the ratio of wages for high wage workers as measured by the ninetieth percentile of the wage distribution and low wage workers as measured by the tenth percentile of the wage distribution increased from 2.00 to 2.93 (for comparison: from 2.40 to 2.85 in West Germany) between 1992 and 2005. While the group of stayers receives on average 70 percent (in the 2000er years 75 percent), migrants receive 95 percent and commuters 85 percent of wages of their matched West German colleagues. Interestingly, however, wage inequality among East German workers today (2005) is higher compared to their matched West German colleagues. This significant wage dynamic hints at ongoing adjustment of wages and labour through commuting and migration from East to West Germany.
The rest of the paper is organized as follows. Chapter 2 gives an overview over migration, unemployment, wages and productivity after unification in East Germany. Chapter 3 introduces the data and the samples drawn from GSOEP. Chapter 4 is concerned with the regression and matching methods employed. Chapter 5 discusses the empirical results, while Chapter 6 concludes.
Migration and Aggregate Dynamics after Unification
In East Germany privatisation and restructuring of state enterprises and wage bargaining began after the monetary union on July 1 st 1990. Because eastern unions were strongly connected with the old system, western unions settled down in East Germany and installed a bargaining system similar to the system in West Germany. Since firms were still in a process of privatization their bargaining power was rather weak. In addition, western unions may have feared wage competition in West Germany through migration and western employers may have feared wage competition from East Germany. The result was a rapid rise of wages after unification and a high rate of unemployment (see Akerlof et al. 1991) . (Heiland 2004, Parikh and van Leuvensteijn 2002) . There was high wage mobility in the eastern compared to western part of Germany between 1990 and 1995 (Hauser and Fabig 1999 , Hunt 2001 .
Migrants are better educated compared to commuters. Furthermore, commuting is often regarded as a first step to migration. 5 percent of commuters became migrants after a time of commuting, which means that 19 percent of the migrants have been commuters for a time (Hunt, 2000) . Economic incentives for migration from East to West result from job availability and higher wages in West Germany, despite the fact that migrants may loose some of their more specific human capital (Burda 1993 , Burda et al. 1998 , Brücker and Trübswetter 2004 . Highest returns to education were achieved in new firms, so economic returns to job mobility were quite high for qualified eastern workers in the years directly after the unification. Hence, especially young and highly qualified workers gained from the unification (see Bird et al. 1994, Franz and Steiner 2000) , while workers born between 1935 and 1945 may have suffered (Hauser and Wagner 1996) .
Data and Descriptive Analysis
For the purpose of the analysis a sample from the German Socio-Economic Panel (GSOEP) 1 for the period from 1992 to 2005 was drawn. 2 We restrict the sample to workers aged between 25 and 55, who are wage worker (in a cross-section) and hold the German citizenship. All observations with missing information on household residence in 1989, workplace residence between 1992 and 2005, wages, and controls have been dropped. 3 The variable real gross hourly wage is obtained by the division of last month salary through last month's work hours. 4 Wages are trimmed by the two percent highest and lowest observations on hourly wages.
For the analysis of wage convergence and inequality we extract four separate samples from the GSOEP 1992 to 2005 for each year separately (see Table 1 In 2005, workers who work and live in West Germany and also lived there before unification earned 14.14 € per hour, workers living and working in East Germany and also lived there before unification 10.46 € (74 percent of West German wages). Workers who migrated from East to West Germany earned on average 12.21 € (86 percent of West German wages) and workers who commute for working from East to West Germany earned 12.04 € (85 percent of West German wages). The hourly wage of commuters is higher compared to stayers but lower compared to migrants. Figure 2 shows the wage catch up to wages of West Germans. Migrants earn about 86 percent of western wages, commuters narrowed to this wage in the last years and East Germans in all years earned lowest wages. Interestingly, the gap between East Germans, Migrants and Commuters narrowed. One has to notice, that these levels reported here are for overall groups without correcting for individual characteristics. Later on, in chapter 5 we will compare East Germans, Migrants and Commuters with matched West Germans. Figure 3 shows the wage distribution for these four groups of workers (West Germans, East Germans, Migrants and Commuters) for selected years (1992, 1994 and 2005) to illustrate the evolution of wages and their distribution over time. The figures indicate the usual shape of wage distributions (for instance Juhn et al. 1993) . The evolution over time seems to illustrate wage convergence, although a closer look (especially on the right side of the distributions) seem to reveal that considerable differences remain. Wages for East Germans were much more compressed in 1992 compared to 2005, illustrating the increase in inequality (for instance Gernandt and Pfeiffer 2006 Formal education has been divided into six categories 6 . At least formally, East German workers are better educated than West German workers. In 2005, 19.8 percent (29.8 percent) of the workforce in our sample lived in West (East) Germany before unification were high skilled, that means they had a degree from technical university or university while 9.6 percent (4.4 percent) are low educated, that means they had no vocational training or even no school degree. Workers who lived in East Germany before unification are formally better educated.
Potential experience is defined as age minus years of education minus 6. It is the time a worker potentially is active in the labour market to gain human capital. The variable has 17 categories: less or equal than 3 years of potential experience, 4-6 years, 7-9 years and so on till more than 48 years. Tenure is often regarded as a proxy for specific human capital and is divided into 13 categories: less or equal than 3 years, 4-6 years, 7-9 years and so on. In West compared to East Germany more workers are still working in their job of their first educational qualification. Migrants to the West change their job more often compared to West and East Germans. In 1992, 50 percent of migrants and 45 percent of all commuters were still working in the job of their first training. These shares increased till 2005 what can be caused by the increasing share of workers who were educated after unification. Workers who are born before 1975 had the chance of being employed in East Germany before unification. They may have a higher attachment to the East German labour market and region.
Firm size is measured by 4 categories 7 . There is a tendency towards smaller enterprises in both German regions. However, in East Germany more workers are employed in firms with less than 200 employees (59.3 percent in 2005), while in West Germany more workers are employed in firms with more than 2000 employees (48 percent in 2005) . In addition, we control for 11 economic sectors. By and large more East German workers are engaged in agriculture/ mining and construction while more West German workers are engaged in industry sectors and in finance/ business service.
Remarks on the Empirical Framework
To investigate the evolution of wage convergence and wage inequality in the different groups we employ a non-parametric matching procedure. The basic idea is to find samples of West German workers living and working in West Germany and lived their before unification who are similar with respect to the observable characteristics with East German workers. This is done for each of the three groups of East German workers and for each cross-section separately, as introduced in the previous chapter 3. First, we employ a matching procedure to find a sample of West German workers that is similar to the group of East German workers, living and working in East Germany for each year starting in 1992 and ending in 2005. In these new samples of East and matched West German workers we study wage convergence and inequality. Second, we employ a matching procedure to find a sample of West German workers that is similar to the group of East German workers, who migrated to West Germany. Third, we employ a matching procedure to find a sample of West German workers that is similar to the group of East German workers, who live in East Germany and commute for working in West Germany. For observational reasons, the second and third part of the analysis is restricted to the samples from 2000 to 2005.
The matching procedure for part one, concerning sample 1 (West Germans) and sample 2 (East Germans) shall be briefly described (for a more general discussion and introductions to the evaluation literature see for instance Blundell et al. 2005 and Lechner and Pfeiffer 2001) . Living in East Germany (currently and before unification) and working in East Germany is our "treatment" (D=1) group of workers. The matched group of workers (D=0) is chosen from the sample of workers who live in West Germany, lived there before unification and currently work in West Germany.
For our purpose we want to interpret the difference in wages from East German workers and matched German workers as evidence on wage convergence with respect to the observed characteristics and not as an average treatment effect. So our purpose is somewhat more modest: the matching procedure allows a comparison of the wages of East German workers with the wages in the groups of matched West German workers, who are similar in the observed characteristics. If there no longer remains any difference between the groups compared, than we may interpret this result as evidence on wage convergence. Furthermore, we can compare the evolution of the whole wage distributions over time and not just means and variance. We will investigate the evolution of wage inequality based on econometric decomposition methods, which is described in Appendix A1. If, however, a difference remains this may indicate that wage convergence has not yet taken place.
Define Y 1 to be the hourly wage of workers living in East Germany, and Y 0 for the West German workers. Under the conditional independence and the common support assumption the difference in mean is a result of belonging to the "treatment" group.
(
As a rule, the conditional independence assumption (Assumption 1) may never be true for real empirical data, since for instance real data do not contain all the relevant variables for explaining wages (Blundell et al. 2005) . For comparing East and West German workers this could be especially challenging since on the one hand, their histories before unification may differ considerably. On the other hand one may argue that we can learn something when we compare the evolution in a period of seventeen years after unification. Workers attitudes and skills may for instance converge specifically for migrants and presumably to a lower degree for commuters.
Assumption 2, the common support condition, requires that workers in West Germany have similar characteristics than those from East Germany. From our point of view this is to some degree questionable. However, East and West Germany once were unified and some traditions, like the language used, survived. Therefore, assumption 2 may not be too restrictive.
The following matching procedure is used 8 : 1. An observation from the pool of workers living in East Germany and lived there before the unification is drawn. 2. For these workers the nearest neighbour (identified by the propensity score, see Rosenbaum and Rubin 1983) from the pool of workers living in West Germany and lived there before unification is determined. 3. The worker from the West Sample, drawn on step two, is deleted (matching without replacement). 4. Steps 1-3 are repeated for all East German workers. 5. Finally, matches of bad quality are excluded (caliper 0.05).
This procedure helps to find workers form the sample of all West German workers who are more similar with respect to the observed characteristics to the workers 8 The estimations have been performed with STATA (psmatch2, see Leuven and Sianesi 2003) . from the three groups. Table A1 in the appendix shows the comparison of East Germans (sample 2) with all West Germans (sample1) and matched West Germans for the year 2005. After matching, the two groups under scrutiny for instance have statistical no differences in means for all characteristics. This is as a rule the case for each of the years 1992 to 2005. Table 3 describes the wage development between 1992 and 2005 for West German workers in general (sample 1 in the first line), East German workers (sample 2, second line) and matched West German workers (third line). This chapter discusses the empirical findings of wage inequality and compares wages and wage convergence of East German workers, migrants and commuters with matched West German workers. Our measure of wage inequality is the ninetieth to tenth percentile of real gross hourly wage, as well as its two sub-groups, the ninetieth to fiftieth, and fiftieth to tenth percentile of the wage distribution. Table 3 presents the central measure for wage inequality, the ratio of the ninetieth to tenth percentile in the wage distribution. Table 3 (in brackets). East German workers earned about 70 percent, in the last years about 75 percent, of the wage of their matched West German counterparts. These levels are similar with the results shown in chapter 3, where East Germans were compared with the overall group of West German workers. Figure 4 shows the development between 2000 and 2005 for all samples. 9 Our finding indicate that the considerable remaining wage differentials between East and West German workers are not attributable to differences in the structure of the socio-economic characteristics that we did take into account in our approach. This result seems to confirm findings from Burda and Schmidt (1997) who decompose wage differences between East and West Germany using the Oaxaca-Blinder decomposition technique and show that different rates to returns (price effects) and not the endowment of skills helps for explaining the wage gap. For migrants the results differ: It seems that West Germans with comparable characteristics as East German migrants earn wages more equal to these than to average West Germans. The hypothesis, that wages between migrants and matched West Germans differ, can be dismissed in all years as seen by comparing the 95 percent confidence intervals in Table 4 which do not overlap. So, controlling for observable characteristics, the wage gap between West Germans and East German migrants has disappeared. Lower wages for migrants therefore are caused by individual characteristics, like lower tenure and working in smaller companies. Overall, migrants earned about 97 percent of the wage of their matched West German statistical twins. As can be seen in Figure 4 , in some years wages of migrants even outcast the wage of their West German collegues. Further analysis concerns the development of wage inequality. In the sample of West German workers the ratio of the ninetieth to tenth percentile first decreased from 1984 to 1992, indicating moderate wage compression (Gernandt and Pfeiffer 2006) . Beginning in the mid 1990s, wage inequality increased in both parts of Germany. In our samples (see Table 3 , for all remaining years see Table A2 in Appendix) wage inequality, measured by the ninetieth to tenth wage percentile ratio, increases by 19 percent (from 2.40 to 2.85) in West Germany, while in East Germany wage inequality increased by 44 percent between 1992 and 2005. In West Germany it is concentrated below the median, in East Germany more equal but also over represented below the median. Overall, the trend of rising wage inequality in both parts is clear, but one has to be cautious, the amount of rising wage inequality depends on time of observation. Especially in 1992 and 1993 there were high wage dynamics in East Germany. So, looking at the development between 1994 and 2005 wage inequality, measured by the ninetieth to tenth wage percentile ratio, increases by 22 percent in West Germany, concentrated below the median and by 28 percent in East Germany, concentrated above the median. Wage inequality was lower in the sample of East German workers in 1992 and has become higher now, 2.90 in the year 2005. Interestingly wage inequality in the sample of the matched West German workers inequality was significantly higher in 1992 than that of East Germans (2.32 to 2.01). In 2005 we don`t measure a significant difference between East Germans, West Germans and matched West Germans any more, although mean wages for East Germans are still lower. Figure 5 illustrates the wage distribution for East and West Germans which is the same like in Figure 3 but here combined with the wage distribution of matched West German workers. The development of wages in the group of matched West Germans is more comparable to the development of native West Germans. Again, this is a hint that different situations in East and West Germany are not caused by personal differences. Structural differences of the West and East German labour market, resulted from differences in technologies, finances and infra structure for instance seem to cause different wages and different wage development after unification. To investigate the development of wage inequality the decomposition method by Juhn et al. (1993) is employed (see Appendix for a detailed description of the method). wage inequality increased by 0.366 log points, two third below the median, looking to the same equation with base year 1994 wage inequality increases only by 0.248 log points, concentrated above the median. This could be caused by the adaptation process of East German wages to West German wages that was still under way in the early 1990s, so especially low wages increased. As seen in Table5, in West Germany rising wage inequality measured by the ninetieth-tenth wage percentile quotient is mainly driven by residual (51 percent) and price effects (35 percent), in East Germany price effects (64 percent) are the most important reason for rising wage inequality followed by residual effects (35 percent). The development of wage inequality in the group of matched West German workers is more equal to the development of West German workers. The observed stronger rise of wage inequality in East Germany should therefore be caused by some structural differences, for instance in the infrastructure and provision with capital and the unemployment rate in East Germany.
Empirical Findings on Convergence and Inequality

Mean wages of East German workers und their matched West German (statistical) twins are lower in each cross-section what can be seen by comparing the 95 percent confidence intervals in
Concluding Remarks
Between 1992 and 2005 the average hourly wage of prime age dependent male workers living and working in East Germany increased by 52 percent, while it increased only by 9 percent for workers in West Germany. Our research approach in this study is to compare the wage distribution for East German workers, migrants from East to West Germany and commuters from East to West Germany with matched West German workers. Our paper contributes to the empirical analysis of wage convergence in East and West Germany after unification.
Our empirical part employs samples for these groups of workers extracted from the German Socioeconomic Panel (GSOEP) 1992-2005. Based on regression methods and non-parametric matching methods for the group of East German workers we search for comparable West German workers who are similar in observables and compare wages and the convergence (or divergence) of wage distributions over the transition period from 1992 to 2005. From official statistics it is known that East German wages and productivity have reached a level of roughly 70 percent of West Germany. Our research is based on a comparison of mean wages and the wage distribution of three groups of workers who lived in East Germany in 1989 (stayers, migrants and commuters to West Germany) and a group of matched West German workers. East Germans who stayed in East Germany earned about 70 percent (in the last years about 75 percent) about western wages, while migrants earned about 90 percent and commuters about 80 percent. After controlling for individual characteristics wages of migrants are equal to the wages of West German workers while for commuters and workers who stayed in East Germany this is not the case. So the process of wage convergence is still under way.
Interestingly however, wage inequality among East German workers in 2005 is higher compared to their matched West German colleagues. This significant wage dynamic further hint at ongoing adjustment of wages and labour through commuting and migration from East to West Germany. Before unification wage inequality was lower in East compared to West Germany (see Krueger and Pischke 1995) . For prime age dependent employees living and working in East Germany the ratio of wages for high wage workers as measured by the ninetieth percentile of the wage distribution and low wage workers as measured by the tenth percentile of the wage distribution increased from 2.00 to 2.93 (for comparison reason: from 2.40 to 2.85 in West Germany) between 1992 and 2005.
In future work, the reason behind wage and employment dynamics in Germany, a country with a significant degree of central wage bargaining, employment protection laws and wage rigidity should be investigated with better and more detailed data. Unobserved components of the skill structure and individual heterogeneity might determine migration and commuting processes as well as bargaining power in employer employee relationship.
A1: Decomposition method of Juhn, Murphy and Pierce (1993)
The idea of this decomposition method is to divide changes in wage inequality into three basic components. First, changes in the prices for observable characteristics of workers, second, changes in the composition of the workforce and, third, unobserved or residual wage inequality. It is assumed that the log of wages depends linearly on a vector of observed characteristics, and an unobserved term:
Y is the real log hourly wage of individual i in year t, it X is a vector of individual characteristics that defines the observed composition of the workforce, t β is a vector of "prices" for these observable characteristics in year t and it u is the residual. Juhn et al. (1993, 425) define it u to contain two components: "an individual's percentile in the residual distribution, it θ , and the distribution function of the wage equation 
The desired results are derived in a three step procedure. In the first step, prices and the residual distribution are fixed to the estimated value of the chosen base year. Only changes of the composition of the workforce are allowed:
In the second step changing prices of the observables are estimated by fixing the common distribution of the residuals:
The third step allows for workforce composition, price and residual changes and equation (A1) is estimated:
The three steps deliver three predictions of real wage, denoted is the residual wage inequality, due to changes in the price or composition of unobservable variables. These latter changes might be the consequences of a revaluation of unobservable characteristics, like intelligence, motivation, self-discipline, social skills or the like. To correctly estimate composite, price and residual effects, in principle the relevant variables should be observed, which as a rule cannot be achieved in real data. Without the full set of relevant variables it may be difficult to distinguish between correlation and causality (in the context of wage inequality see Taber, 2001 among others). 
A2: Further tables
